Abstract. In recently, electrospun nature fibers have been investigated as scaffolding materials for tissue engineering. In this study, The core-shell structured of nanofibers were prepared by coaxial electrospinning, where the natural polymer chitosan(CS) as shell and the highly spinnable gelatin(GEL) was used as core. In order to maintain the structure of the nanofibers that kept them in contact with aqueous medium. In this report, we used glutaraldehyde as the cross-linking agent for improving the water stability of the nanofibers. The results show that the as prepared core-shell structure and the cross-linked nanofibers exhibits better water stability.
Introduction
As is known to all, electrospinning is a simple and multifunction technique and can produce micro-nanometer-scale fibers and has been applied in the fabrication of tissue-engineering scaffolds [1] . But a simple electrospinning usually cannot meet many demands. Compared with the traditional electrospinning, the coaxial electrospinning is an efficient way to fabricate the core-shell structure nanofibers [2] .Usually, two materials were used in the coaxial electrospun, and one should has highly spinnable to enhanced the spinnability of another material which maybe with poor spinnability. In this study, we used the chitosan as shell and the gelatin as core. Chitosan is the derivative of Chitin and its structure is similar to polysaccharide, so it has some excellent properties, such as biocompatibility, nontoxicity, biodegradability, so chitosan have been widely researched in many fields [3] . But because of its polyelectrolyte nature, chitosan shows the poor spinnability [4] . A few attempts have been made to prepare chitosan nanofibers by electrospinning, it has been demonstrated that when chitosan was dissolved in trifluoroacetic acid [5] or acetic acid [6] can be electrospun. Recently, a lot of reports show that can improve the spinnability of chitosan by using other synthetic polymers such as poly(lactide-co-glycolide) (PLGA) [7] , polyethylene oxide (PEO) [8, 9] .etc, the results show that those synthetic polymers can improve the spinnability of chitosan. In order to improve the biological performance of the chitosan-based nanofibers, some researchers have attempted other natural polymers such as gelatin with chitosan by electrospinning and show better bioactivity [10] . Because both chitosan and gelatin are hydrophilic materials, when the nanofibers were kept in water, their structure will be damaged. So some cross-linking agents such as glutaraldehyde [11] has been studied to solve this problem. In our study, we choosed the glutaraldehyde to cross-linking the nanofibers and show the better water stability.
Experimental

Fabrication of Core-shell Structured Nanofibers
Chitosan of 95% deacetylation was gotten from Hangzhou; gelatin Type A; polyethylene oxide with average molecular weight about 300000, 25%(V/V) glutaraldehyde(AR grade); acetic acid(AR grade). All chemical reagents purchased from Aladdin Chemistry are analytical grade and used without further purification. Gelatin solution were prepared in 20%(V/V) acetic acid, the concentration is 41% (W/V).When prepared the chitosan solution, firstly, chitosan powder was dissolved in 20%(V/V) acetic acid and the polyethylene oxide powder was dissolved in the above chitosan solution. The concentration of chitosan and polyethylene oxide are 3%(W/V) and 3%(W/V).The final solutions were transferred to 20 ml syringes which connected to the coaxial set up. The flow rate of core-shell solutions are 0.6ml/h and 0.5ml/h. The voltage is 25KV. The distance between tip and collector was 12 cm and the drum collector speed was 1000 rpm. The temperature is about 25 .The humidity is about 40%.The core-shell nanofibers were collected on a 0.5 mm thick aluminum foil wound over the drum collector.
Cross-linking of Core-shell Nanofibers
In order to improve the water stability of the electrospun mats, cross-linking was carried out using glutaraldehyde. In brief, 10 ml 25%(V/V) glutaraldehyde solution was dissolved in 90 ml distilled water and stirred. Then electrospun mats were cut into pieces of 1cm × 1cm and kept in the 2.5%(V/V) glutaradehyde solution for 2days. Finally the core-shell mats was dryed by freezed.
Characterization Methods
The surface morphology of the samples was investigated using Field-emission scanning electron microscope (FESEM, Hitachi S-4800) equipped and a transmission electron microscope (TEM, JEM 2100, 200kV). Fourier transform infrared spectra (FTIR) were obtained (Nicolet 5700, USA), Spectra were collected from 550 cm -1 to 4000 cm -1 .
Results and Discussion
Morphology and Microstructure of Core-shell Nanofibers
The SEM images in Fig. 1A reveals that electrospun fibers have uniform and smooth surfaces, with a diameter of 100-200nm. And the nano-morphology of electrospun fibrous scaffolds with a large surface-area-to-volume ratio and porous structure can mimic the native extracellular matrix(ECM) which can provide a good place to promote the cell adhesion spreading and tissue ingrowth into the center of implants. The TME images in Fig. 1B shows that core-shell structure of nanofibers have been fabricated. The core-shell structure is observed by TEM because of the difference transmissibility of electron beam from chitosan and gelatin. The most essential reason is that the molecular weight of chitosan and gelation is different. The diameter of the fiber shown in the TEM image is about 150 nm with a core diameter of 100 nm. The fiber diameter varies between 100 nm and 200 nm range as observed from the SEM and TEM micrographs.
Cross-linking of Core-shell Nanofibers
In this study, chitosan and gelatin both have the amino groups and are likely to react with the aldehydes of the cross-linking agents forming the relatively stable Schiff's base. Due to chitosan and gelatin are highly hydrophilic materials, nanofibers from gelatin and chitosan will be damaged when kept in contact with aqueous medium. Just like Fig. 2B , the core-shell mats were kept in the distilled water and soon disappered only left a piece of aluminum foil. This phenomenon shows that the core-shell nanofibers have poor water stability. Fig. 2C and Fig. 2D shows that cross-linked mats didn't disappeared and maintain the nanofibers structure after keeping in distilled water. So this result proved that cross-linking can improve the water stability of the core-shell structure nanofibers. 
FTIR Spectroscopy Analysis
Fig . 3 shows the FTIR spectra of core-shell nanofibers, chitosan-peo and gelatin. The spectra exhibit broad band at 3100-3500 cm −1 due to O-H and N-H stretching. The spectra exhibit broad band at 1638cm -1 and 1537cm -1 due to C=O and -N-H stretching. The spectra exhibit broad band at 1030cm -1 due to C-O-C stretching in chitosan. There is a new spectra at 1308cm -1 , which could be attributed to the formation of aldimine (-C=NH-) stretching as a result of cross-linking. The spectra of core-shell structure nanofibers is similar to the pure gelatin and chitosan-peo, which can prove that the presence of chitosan, peo and gelatin in the core-shell structure nanofibers. Figure 3 . FTIR spectra of pure gelation, chitosan-peo and cross-linked core-shell structure nanofiber.
Conclusions
In this study, we successful prepared the core-shell structured chitosan-gelatin nanofibers by coaxial electrospinning. And the nanofibers show a large area and porous structure which can mimics the native extracellular matrix and provide a good place to promote the cell adhesion spreading. Due to the poor water stability, the glutaradehyde was used to cross-link the core-shell mats. As a result, the nanofibers showed the better water stability, and could remain the fibrous morphology. It is supposed that this material could be applied to cell culture studies.
